Few studies have examined the influence of a low level of schooling on age-related cognitive decline in countries with wide social and economic inequalities by using the Cambridge Automated Neuropsychological Test Battery (CANTAB). The aim of the present study was to assess the influence of schooling on age-related cognitive decline using unbiased cognitive tests. CANTAB allows cognitive assessment across cultures and education levels with reduced interference of the examiner during data acquisition. Using two-way ANOVA, we assessed the influences of age and education on test scores of old adults (61-84 years of age). CANTAB tests included: Visual Sustained Attention, Reaction Time, Spatial Working Memory, Learning and Episodic Memory. All subjects had a minimum visual acuity of 20/30 (Snellen Test), no previous or current history of traumatic brain/head trauma, stroke, language impairment, chronic alcoholism, neurological diseases, memory problems or depressive symptoms, and normal scores on the Mini Mental State Examination (MMSE). Subjects were grouped according to education level (1 to 7 and X8 years of schooling) and age (60-69 and X70 years). Low schooling level was associated with significantly lower performance on visual sustained attention, learning and episodic memory, reaction time, and spatial working memory. Although reaction time was influenced by age, no significant results on post hoc analysis were detected. Our findings showed a significantly worse cognitive performance in volunteers with lower levels of schooling and suggested that formal education in early life must be included in the preventive public health agenda. In addition, we suggest that CANTAB may be useful to detect subtle cognitive changes in healthy aging.
Introduction
Few studies have examined the influence of low schooling levels on age-related cognitive decline in countries with wide social and economic inequalities. A large proportion of the Brazilian population above 60 years of age have low education levels, with 24.36% being illiterate and 34.85% have no more than 7 years of schooling. Previous studies demonstrate that education can influence performance on cognitive tests, and lower education levels are associated with faster cognitive decline with aging (1, 2) . Moreover, education may help to decrease normal age-related cognitive decline and neuroprotection may be associated with cognitive reserve (3) . These findings highlight the importance of investigating the influences of low schooling levels on cognitive status within the Brazilian population.
Many psychometric procedures are strongly dependent on socio-cultural and educational background (4) , and the application of such tests in less educated individuals may result in their misclassification as cognitively impaired (5) . Thus, in the present study, we applied an unbiased automated neuropsychological assessment to minimize the possible influence of the experimenter that is associated with traditional pencil-and-paper tests (6) . The Cambridge Automated Neuropsychological Tests Battery (CANTAB) is a visuospatial stimulus battery that employs touchscreen technology to obtain non-verbal responses from participants. By using visually attractive stimuli, the CANTAB allows increasing and decreasing the difficulty of a given task, adapting the test to a wide variety of cognitive performances, and maintaining the user's interest during the tests (7) .
The CANTAB is considered reliable for assessing type and degree of functional loss and the specificity of aging-associated changes in the temporal and prefrontal lobes (8) . It is adequate for cognitive assessment across cultures and education levels, in both longitudinal and cross-sectional studies, with minimal interference of the examiner during data acquisition (9) (10) (11) (12) (13) . Because CANTAB is reportedly reliable, valid, and specific (14) , it was used in our previous exploratory comparative investigation to assess performances of Brazilian healthy young (20-40 years old) and older adults (X65 years old) on selected CANTAB and language tests to identify possible clusters of cognitive performances. Our prior results showed that age significantly influenced CANTAB and language tests' scores, and that CANTAB was more sensitive than language tests for detecting subtle cognitive differences between young and aged Brazilian populations (15) .
In Brazil, few studies have been done using CANTAB. Previous findings were limited to data from multiple sclerosis patients, Duchenne muscle dystrophy patients and normal children (16, 17) . To the best of our knowledge, there is no neuropsychological study using CANTAB to assess influence of schooling on age-related cognitive decline in the Brazilian population.
Here, we investigated to what extent age and education influence processing speed, visual episodic memory and working memory in a Brazilian older adult population using unbiased cognitive tests from CANTAB and tested the hypothesis that the effects of age and schooling would interact and aggravate age-related cognitive decline.
Material and Methods

Participants
For the present cross-sectional cognitive assessment, 167 old adult volunteers (60-84 years of age) were evaluated. Volunteers were of both genders, living independently in the community and fulfilled the inclusion criteria. Each participant completed an extensive assessment of medical history, health, and cognition. Inclusion criteria included minimum visual acuity of 20/30 (Snellen test); no previous or current history of traumatic brain/head trauma, stroke, language disease, chronic alcoholism, neurological diseases, or memory problems; no active infection detected by hematological analysis and clinical signals and no psychiatric illness, including depressive symptoms, screened by the Geriatric Depression Scale and Diagnostic and Statistical Manual for Mental Disorders -Fifth Edition.
All participants showed normal scores on the Mini Mental State Examination (MMSE), with the necessary adjustments for education level for the Brazilian population. Although it is already known that MMSE does not discriminate mild cognitive impairment, each volunteer met the criteria for normal score on MMSE parameters in accordance with the cut-off point established by Bertolucci et al. (18) 
Cognitive assessment
Spatial working memory, visual sustained attention, learning and memory, processing and psychomotor speed and accuracy were assessed using selected tasks from the CANTAB, performed in the following sequence: Motor Screening Task (MOT), Spatial Working Memory (SWM), Rapid Visual Information Processing (RVP), Paired Associates Learning (PAL), and Reaction Time (RTI). All tests were administered by trained researchers in a single day, under comfortable temperature and noise conditions. The evaluation room was maintained with background lighting conditions in the mesopic range, and stimuli ranged from 0.161 to 3.211 cd/m 2 . On average, tests were completed within 2 h and a brief break was offered to the volunteers between different tests.
Tests were performed on a touchscreen (Dell Flat Panel Model No. E2014Tt, 49.41 cm diagonal display area, maximum resolution of 1600 Â 900 pixels at 60 Hz), following standard procedures in accordance with the user's manual and as previously described (9, 14, 15, 20) . CANTAB tests use non-verbal stimuli for cognitive assessment, and include a practice section that does not count towards the final score. The MOT test evaluates an individual's ability to understand simple commands and to correctly use the touch screen, including required finger position and contact pressure to respond to stimuli. The CANTAB tests progress with increasing complexity that adapts to each individual performance. Table 1 shows a detailed description of each test and their respective outcome measurements.
Statistical analysis
Prior to statistical analysis, outlier values (based on deviations) were excluded. The statistical significance level was set at Po0.05. Results are reported as means ± SE.
To investigate possible interaction between the effects of education and age on cognitive test performance, individuals were grouped by education level (1-7 vs 47 years of schooling) and age (60-69 years vs 70-84 years), giving a total of four groups: low education o70, low education X70, high education o70, and high education X70. Two-way analysis of variance and Bonferroni correction post hoc tests were used to test the a priori hypothesis that years of schooling and aging simultaneously interact and aggravate cognitive decline. Statistical tests were performed using GraphPad Prism s (USA). Pearson analysis and linear regression were used to investigate possible correlations and interdependence between cognitive scores and education level. To that end, we grouped all individuals of different schooling levels and same age group (high+low education level o70 years Table 1 . Description of cognitive tests (based on CANTAB user manual).
Evaluated function
General test description
Test measurements (units)
Test measurements description
Visual sustained attention Rapid visual information processing (RVP). In this test, a white box appears at the center of the screen in which digits from 2-9 are presented in a pseudorandom order at a rate of 100 digits/min.
Subjects are asked to identify three-digit target sequences and to respond using the press pad.
RVP latency (ms)
This measure provides the mean time taken to respond, which is a good indicator of sustained attention function. Lower scores are better.
RVP A' (score) Measure of sensitivity to the target. Higher scores are better.
RVP probability of hit (score) Probability of the subject responding correctly. Higher scores are better.
Reaction time (processing and psychomotor speed and accuracy) Reaction Time (RTI). A yellow circle appears on the screen, in either a single location (simple) or in one of five possible locations (five-choice). The volunteer holds down the press touch pad button until the yellow circle appears on the screen, and then releases it upon detecting stimulus presentation. Immediately afterwards, the volunteer touches the screen where the circle appeared.
RTI simple accuracy score (score) The total number of trials in which the response is recorded as correct, for assessment trials where the stimulus appears in only one location. Higher scores are better.
RTI five-choice accuracy score (score) The total number of trials where the response is recorded as correct, for assessment trials where the stimulus appears in one of five locations. Higher scores are better.
RTI simple reaction time (ms) The speed with which the subject releases the press pad button in response to stimulus onset in a single location. Lower scores are better.
RTI five-choice reaction time (ms) The speed with which the subject releases the press pad button in response to a stimulus in any one of five locations.
Lower scores are better.
RTI simple movement time (ms) The time taken to touch the stimulus after releasing the press pad button, in trials where the stimulus appears in only one location. Lower scores are better.
RTI five-choice movement time (ms) The time taken to touch the stimulus after releasing the press pad button, in trials where the stimulus is presented in one of five possible locations. Lower scores are better.
Learning and memory Paired Associates Learning (PAL). In this test, 6 to 8 boxes are displayed on the screen and are opened to reveal the contents one at a time in a randomized order. The revealed patterns are then displayed in the middle of the screen one at a time, and the participants must touch the box in which the pattern was originally shown. Each stage may involve up to 10 trials (attempts), including the first presentation of all the shapes, followed by up to 9 repeated presentations.
PAL total errors adjusted (score) This measure reports the total number of errors across all assessed problems and all stages, with adjustment for each not attempted stage due to previous failure. Lower scores are better.
PAL mean trials to success (score) Calculation of the trials required to correctly locate all of the patterns in all attempted stages, divided by the number of successfully completed stages. Lower scores are better.
PAL first trial memory score (score) The number of patterns correctly located after the first trial, summed across the completed stages. Higher scores are better. Table 1 continued on next page old or high+low education level X70 years old). Similarly, Pearson and linear regression between cognitive scores and age were done by grouping all individuals of different age groups but same schooling level (any age with low education level or any age with high education level).
Results
The age of the volunteers ranged from 61 to 84 years, with a mean of 71.10 ± 0.39 years. Volunteers had between 1 and 20 years of schooling, with a mean of 8.33 ± 0.33 years. The mean MMSE total score was 27.68± 0.14 points. All participants accurately completed the motor screening test, demonstrating adequate sensorimotor ability and comprehension of touchscreen procedures to perform all tests.
Influence of age and schooling on cognitive assessment
The age and years of schooling of the four groups were: low education o70 group (n=26; 4.15 ± 0.27 years of schooling; 66.92±0.31 years old); low education X70 group (n=44; 4.09 ± 0.32 years of schooling; 74.80 ± 0.62 years old); high education o70 group (n=46; 11.34 ± 0.42 years of schooling; 66.20±0.28 years old); and high education X70 group (n=51; 11.40 ± 0.42 years of schooling; 74.45 ± 0.49 years old). Table 2 presents the group performances on each cognitive test.
Two-way analysis of variance was applied to each test score. Figure 1 shows individual performance variability on selected cognitive tests and illustrates significant differences in post hoc tests after two-way ANOVA. These results revealed a significant influence of education level, but not of age, on all analyzed measurements relating to visual sustained attention (RVP Latency: F=6. 34 Post hoc analysis indicated that years of schooling influenced cognitive performance on learning and memory measured by PAL FTMS (Pp0.001) of the o70 group but not of the X70 group. Schooling also influenced cognitive performances on Reaction Time on five-choice movement latency test for the o70 and X70 groups (Pp0.05 and o0.01, respectively), on the PAL total errors adjusted test (Pp0.01 and o0.05, respectively) and PAL mean trials to success test (Pp0.01 and o0.01) and on performances on sensitivity to the target on Rapid Visual Information Processing Test (RVP A 0 : Pp0.05 and o0.01, respectively). In the X70 group, education level also affected performances on movement latency on simple paradigm of Reaction Time test (RTI SMT: Pp0.05). RVP latency, RVP PH and SWM Strategy performances were significantly influenced by schooling in the initial analyses, but post hoc analysis revealed no significant differences. An isolated influence of age on the RTI five-choice reaction time test (RTI 5CRT: F=4.19; P=0.04) was detected, but no significant result on post hoc analysis was found. Significant linear correlations and regressions were detected between education level and cognitive performance (Figure 2 ). Analysis pointed out significant correlations between performance and schooling for the o70 groups on RVP Latency, RVP A 0 , RVP PH, RTI 5CMT, PAL TEA, PAL MTS, PAL FTMS and SWM TE and for X70 groups on RVP Latency, RVP A 0 , RVP PH, RTI SMT, RTI 5CMT, PAL TEA, PAL MTS and PAL FTMS. Inter-group analysis showed a significant correlation between performance and age for the low education groups on RTI 5CRT.
Linear regression analysis pointed out significant interdependence between education level and performance on cognitive tests for o70 groups on RVP Latency, RVP A 0 , RVP PH, RTI 5CMT, PAL TEA, PAL MTS, PAL FTMS and SWM TE and for X70 groups on RVP Latency, RVP A 0 , RVP PH, RTI SMT, RTI 5CMT, PAL TEA, PAL MTS, PAL FTMS. Significant regression index was detected between performance and age for the lower education groups on RTI 5CRT. Full details of correlation and regression analysis are shown in Supplementary Tables S1-S4.
Discussion
The present study aimed to measure the influence of schooling level and age on cognitive performance among Brazilian volunteers by using CANTAB tests. We further used two-way ANOVA on the cognitive test performances to test the hypothesis that the influences of age and schooling would interact and aggravate age-related cognitive decline. Our results showed that schooling and aging did not interact within our sample, but that subjects with lower education level had worst performances on tests of visual sustained attention, reaction time, and learning abilities functions. We also identified an isolated effect of age on five-choice Reaction Time, with the two X70 groups showing lower performances than the two o70 groups, but these differences were not significant in post hoc analysis. These findings suggest that less education in early life is a risk factor for age-related cognitive decline, with a much stronger influence than age itself. Our results are in agreement with previous findings in aging Brazilian populations using other cognitive tests, such as word memory, verbal fluency, and trail making test B (5). The overall evidence suggests that lower education may contribute to impairment of cognition with aging, supporting the importance of schooling early in life as a longterm preventive strategy to reduce age-related cognitive decline. The association found between low education and weak cognitive performance supports the idea that higher education levels may contribute to an increased cognitive reserve. Moreover, our findings confirmed our previous observations that CANTAB improves the signalto-noise ratio of cognitive assessment (15) , expanding these findings to older adult populations.
To our knowledge, this is the first study in Brazilian elderly adult volunteers to demonstrate the influence of education level on performances in CANTAB selected cognitive tests. Overall, our present data provide evidence that CANTAB is an unbiased cognitive assessment tool for measuring educational influences on cognition. The utilized tests included the SWM, which activates the frontal cortex (21, 22) by measures of working memory and strategy based on an individual's ability to retain, manipulate, and remember spatial information according to the context; the RVP test of sustained attention, which activates the frontostriatal circuits (23, 24) ; the RTI test, which evaluates the information processing and psychomotor speed following presentation of a single (simple choice) or multi-position (five choice) visual stimulus, and requires complex chain responses and cognitive processing into frontoparietal functions and subcortical areas that regulate the beginning, planning, and execution of the motor action; and the PAL test, which assesses learning abilities and episodic memory, and relies on the integrity of middle temporal (hippocampal) and frontal functions (25, 26) . The PAL test effectively distinguishes episodic memory in healthy older adults whereas all other cognitive tests uses multidimensional cognitive processing (26) .
Previous limitations related to the use of CANTAB have been pointed out suggesting that higher schooling levels may require better cognitive tests to identify subtle differences between individuals (26). However, in the present report using CANTAB, our analyses demonstrated that lower schooling level is associated with slower information processing speed (RVP and RTI), which has an important impact on cognitive aging and may reflect white matter damage and functional connectivity impairments (27, 28) .
Previous findings using CANTAB and neuroimages showed that reduced episodic memory is associated with diminished hippocampal volume, with reciprocal influences among neuroanatomical and cognitive variables (29) . Episodic memory (PAL) relies on hippocampal formation integrity, and higher hippocampal volume is associated with higher cognitive reserve (27) . However, because we did not use neuroimages to correlate neuroanatomical changes with CANTAB results, whether age-related episodic memory decline is explained by hippocampal volume reduction in association with lower schooling remains to be elucidated.
It must also be considered that learning and memory decline among older adults is reduced after exposure to multisensory and cognitive stimulation (enriched environment) (30) (31) (32) (33) . Specifically, De Oliveira et al. (31) examined stimulation programs applied to older adults living in the impoverished environment of Brazilian long-term care institutions. They reported that persons with lower schooling levels showed significantly improved cognitive test performances after 48 sessions of multisensory and cognitive stimulation program, performed twice a week for 6 months. Thus, besides genetic-and epigenetic-induced brain changes that occur in healthy elderly, we and others (34) suggest that experience-dependent brain plasticity is preserved in non-demented older adults, independent of their education level, encouraging the employment of multisensory and cognitive intervention programs in healthcare policies among aging populations.
Taken together our findings suggest that CANTAB is sensitive for subtle differences on cognitive performance of older adults with low or high education levels, and therefore it is clinically useful for cognitive assessment and early diagnosis of cognitive changes, reducing scale compression, and ceiling and floor effects. Furthermore, early schooling may delay and reduce the age-related cognitive decline.
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